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s A Clear-fueled steam generator will replace the boiler 
te power plants of the future In fact, atomic 
‘ n design exceed a million kilowatts capacity 


However, the industry ha been deeply involved in the evalu 

pital and fuel costs of nuclear plants; as a result, 

re ttention has been devoted to these problems than to 
ys ymicerned witl operation of the plants 

Ihe time has come to look more closely at the details of 

t operation (ne estimate indicates less than one 

vr kwhr variation in the ultimate total cost of power 


yelwer ve reactor types. While these are rough estimates 


| 


( e that rather small factors of cost, such as oper 


aintenance, may influence strongly the final 





electio 7 reactor type : 
The operational prob em dist ussed he re concertt the pres | 
riz ter reactor; not only is more information available _ 
ti mn this type plant, but also it will be the most common type y 
opera ing thie ediate future. Of the first seven large nuclear plants 
nine rr construction, three will utilize pressurized-water | 
«i nuciear reacto fourth is a modification | 
Phe pre rized-water reactor, Fig. 1, derives heat energy } 
from the mn of uranium and other heavy atoms, which are i 
power plant 1 ed t fuel structure of solid rods or plates, inside a 
eact r pressure vessel. This energy is transported in hot 
¥ ter roximatel' 000) psia and 300 to 600 degrees IF, to 
] | ‘ t enerator where water In a separate system 1s 
1" ) ed t roduce steam for the turbine. Depending upon the 
‘ el ( e or more heat transtier loops and steam gener 
me re ed to remove the heat trom a singie reactor The 
te these loop maintained with less than two parts 
er mpurities by a purification system. A makeup and 
ter with connections to a water supply of high 
te-disposal svstem, 1s required to keep the 


te water leve in the ystem. When heat energy 1s 





re red to drive the turbine, heat must be removed from 

e re tor | the shutdown cooling system. Reactor control 

rac tion monitoring of high reliability are required lor 

” ros n, ( rl performance of a nuclear plant 1 generally 


< \ j & ) eptec excellent lor power! produc tion. Most of the prob 








\\ f ( | ed here have to do with auxiliary systems and 
\ \ 
\ emery mditions, and are grouped under the following 
Ay \ v4 | wrath eading start-up normal operation; shutdown 
' 7 7 
\ 4 v inte ct relueiing; m inpower 
\ f J 
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Fig. 1 Schematic of pressurized water reactor plant. 
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Start-up of the Reactor 


Start-up problems depend to some extent on the previous 
history of plant operation. For example, certain special pre 
cautions must be observed in the initial start-up of a new 
plant, or when a new fuel structure is put into operation. The 
first case is encountered only once in the plant lifetime and the 
second can be expected at perhaps one to five year intervals 
in the early plants and less frequently with time. These func 
tions normally would be supervised by the equipment manu 
facturer, and are not considered here 

rhe start-up of a cold plant will occur at irregular intervals, 
should be accomplished by the normal operating crew, and is 
therefore of more immediate and general interest. Assume 
that the systems, primary and secondary, approximately 300 
to 600 gallons per mw capacity, are filled with water of the 
desired purity—about one to two ppm 

The first requirement of start-up is the check-out of instru 
mentation and components to insure proper function, The 
items to be checked and the procedure will be peculiar in 
many cases for the nuclear plant, but the problem is not essen 
tially different from that encountered in any other plant 

Cranking power to drive the plant auxiliaries must be sup 
plied. For the electric-utility application this usually means 
energizing the auxiliary power bus from the system. For 
isolated units a diesel generator can provide this power. Pres 
ent data’ indicates that auxiliary requirements are about 
eight to nine percent of rated output, and a sizeable fraction 
of this, at least one-third and perhaps two-thirds, is needed 
during start-up. 

Oxygen scavenging” may require appreciable time (up to 
four hours) prior to actual start up the system has been 
refilled with supply water. Scavenging is accomplished by the 
addition of hydrazine. The system is pressurized sufficiently 
to provide the required net positive suction pressure (100 to 
200 psi) at the main coolant pump intakes either with the 
pressurizer or with the charging pumps. These pumps are then 
operated to circulate the hydrazine solution and permit the 
hydrazine-oxygen reaction to take place. During the oxygen 
scavenging and the whole start-up procedure, all main coolant 
valves should be open. 

Design prac tice is such that the reactor will be shut down 
before full insertion of the control rods is reached. However 
operating practice is to take advantage of this extra margin 
of available rod insertion as a safety factor on shut down 
lherefore the control rods must be pulled out for a consider 
able distance before the reactor reaches criticality and begins 
to produce power. To avoid accidental overshooting, rod 
withdrawal is at a very slow rate and a period of one-half hour 
may be consumed. This approach to criticality should be 
made only with the main coolant pumps operating. Likewise, 
the electric heaters in the pressurizer should be operating so 
that a steam bubble space is available in the system for water 
expansion. Having obtained criticality, the plant is ready for 
warm-up. 

This operation requires careful coordination with the pres 
surizer for two reasons. First, the temperature of the steam 
bubble in the pressurizer must exceed the maximum fuel sur 
face temperature to prevent boiling and burnout. Second, the 
required net positive pressure must be maintained at the 
pump suction to prevent cavitation Maximum pressurizer 
heater power demand occurs at this time. The actual rate of 
system warm-up is limited to avoid excessive thermal stresses 
in the reactor vessel walls. One hundred to two hundred de 


grees per hour may be permitted. The allowable rate of rise 





ind Vi ely propor 


influenced by the materia 
tional to the wall thickness. The rise trom room temperature 


) ' 
| t 2'., to hou 


to 500 degrees F will requir 
During the warm-up perio e det vy of the water wi 
drop from 62.4 to 49.6 pout per cubic foot at 500 degrees | 


lo accommodate this expa in, from 30 to 60 gallons pet 


mw capacity must be drained from the system. The purity of 
this water is such as to make it economically desirable to 
store rather than waste it 

rhe time required for a cold plant start-up may be 
eight hours. This compares with five to six hours tot 
ventional plant. The time required for a hot-plant re 
short, perhaps one to two ho t ind compare 


that for a conventional ul 
ivorn ( ner 7 


As far as manual contro oncerned, the operat 
atomic plant in the normal power range is an exceedi 
routine task. The reactor f med with a negative temper 


ature coethcent, which makes the un ell-reguiating to 


large degree. The contro t¢ 
and 1s normally designed to t the inherent self-regula 
characteristic of the reactor | means that the rem 
follows the power demand of the bine-generator unit esse 
tially without adjustme nt b peratolr 

Phe reactor plant can be 
demanded by system require ( I} meal 
mal turbine limitations are the restr 
operation 

Phe plant is capable ol ( peratiol 
of full load above the m ; e to ten percent, se 
turbine-generator restrictio 

rhe radioactivity present ut the | 
during operation prevent 
does not apply to many o! the a i! tel lloweve 
the design must minimize e nee 
periods if the plant is to meet t e requireme 
utility application This is obtained by the use of suc I 
ponents as the canned mot 


cated by the pumped fluid 


are eliminated by hermeti 
tion ol pump and motor ade the tem 

Despite this inherent dep 
hould not be left unattended. Most of the au te! 
can and possibly should be 1 contro 
advantage of the plant personnel. Thi ill minimize the cap 
ital expenditure for automatic control and s¢ 
tems. Those auxiliary ter ot required to operate 
tinuously shou! be designe i ore to « 


aS po sible for e re 


Production of he: 
In certain cases the tem power demand be zero tor 
short periods. In such ir ces the re 


kept at temperature and c1 i out produc Lp| 


able power. The auxiliat 
down time, and the power required taken « er from the 
turbine or the system. In othe 
be zero for extended periods of time 


be made sub-critical by co ete ertion of 


Phe plant can then be coole ( ree 


mum of attention du ( tdo enod 
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Fig. 2— Typical curve of heat after shutdown 
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Fig. 3— Typical curve of transient xenon after shutdown. 
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Fig. 4 Illustration of xenon limitation on reactor operation. 
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thermal stress considerations limit reactor cool-down as were 
discussed under start-up. The restart corresponds to that de 
scribed previously. These two shut-down conditions are rou 
tine operations. The third is an emergency procedure and is 
covered in the next section 

Regardless of the manner in which the plant is shut down, 
two Important problems must be solved. One is the removal 
of heat that the fission produc ts continue to release even after 
the chain reaction has been arrested. This condition is indi 
cated in Fig. 2. A reactor, operating at power P,, is shut down 
by inserting the control rods at time C. While the heat release 
after shutdown is not large, it would damage the reactor core 
if not removed. The plant design must be worked out to 
assure proper function after shutdown. The plant layout is 
made to insure circulation of water in the primary loop by 
thermal siphon action. Even in the extreme case of loss of 
auxiliary power to the main coolant pumps, the heat after 
shutdown is thereby removed 

When the loops are to be taken out of service for main 
tenance or refueling, the heat must be removed with a sep 
arate auxiliary shutdown cooling system (see Fig. 1 This 
system consists ol a pump and heat exchanger, along with 
suitable valves and piping; it can be manually controlled and 
is not required during plant operation at power 

The second Important problem after shutdown is the build 
up of poisons. When the uranium atom fissions, the two parts 
form atoms of different chemical materials. As the result of 
this process many new materials are formed in the core. Some 
ot these pre ent large target areas for the absorption ol neu 
trons. The worst offender is xenon (Xe! \ relatively small 

} 


amount of Xe is formed directly, but over five percent of the 


fissions produce tellurium (Te). By the process of radioactive 
decay this element decays to iodine (I) and then to Xe. Thus 


n appre liable amount of Xe ts present In a reacting core 
The magnitude of the neutron-absorbing characteristic of 


Xe is indicated by its target area of 3 200000 barns. By 


COMParison, cadmium ( al = considered a good control rod 


material with a target area of 3300 barns 

Chis xenon disappears from the reactor in two ways. It 
decays naturally to cesium (Cs) or, absorbing a neutron, be 
comes Xe'*, an isotope with only 0.15 barns target area 


When the chain reaction is in progress, both of these processes 


re operative to limit the build-up of xenon to a definite 
equilibrium value. Immediately following shutdown from 
power, xenon concentration rises sharply as the tellurium and 
iodine cdle« ay Into xenon, and only the xenon dec ay to cesium 
operates to remove it. Gradually these decay actions are car 
ried toward completion and the xenon concentration again 
falls off as shown by the solid curve in | ig. 3 

Phe equilibrium xenon concentration must be compensated 
by the addition of fuel beyond the critical mass. This is in 
addition to the fuel added for burnout, i.e., the uranium 
destroyed by fission. If the reactor operating schedule is such 
as to call for restart during the period that transient xenon 
exceeds equilibrium (which may be as large as 40 hours), an 
additional amount of fuel must be included. For the electric 
utility application this requirement is not considered essen 
tial. The fuel added for burnout is adequate in most cases to 
provide transient xenon over-ride for the first 50 to 75 percent 
of core life. During the remaining portion of core life, the 
operation of the plant is limited. The power output and hence 
the neutron flux must be maintained at such a level as to 
control the xenon concentration. The plant can be operated 


range of turbine oper 


at outputs throughout the permissible 


] 


ation, although the rate of change of power may be limited 











near the end of core life. This should not work any hardship 


where the plant is part of a utility system. However, it be 


comes more important in the design of units for isol ited ser 


ice, for example, for ship propulsion where maneuver ibility 
demands wide power swing 


Another aspect of this problem has to do with the rapid 


burnout of transient xenon, which occurs when the plant 1 
started near the peak xenon period. This is shown by the 
dotted line in Fig. 3. Relatively rapid control-rod insertion 

required to compensate for the removal ot this neutron ib 
sorbing material. In fact t the criterion for control-rod 


speed In most cases 


lo illustrate the xeno mtrol problem implitied caleu 


lations were made on i! ermal reactor designed to 
generate 150 million Btu’s per hour of heat energy with a 
average neutron flux of 1.6 x 10" neutrons per square c 


meter per second The I tation on Op ration 


Vig. 4. During the first 60 percent of core lifetime the poison 


impose no limit on operat Juring the final 40 percent of 
core lifetime, a period ol te urs or i decreasing to zero 
it the end of life, is ava | lor rmal restart. This curve 
that is the limited operat re life enced 
almost directly by neutt ind hence by power lev 
During the “limited operation period” the plant can also be 
restarted at reduced temperature 
Emergency Shut-de 

The reactor designe ‘les to produce a trouble-free 
unit, and the operator pects and checks for every con 
ceivable weak link before starting the plant. In spite of thi 
power plants will get {1 ble on occasiol Phe plant 
should be shut down rapid po ible under cert 
conditions to avoid overheat d damave to the core Lhe 
condition to be avoided is that situation where the heat be 
generated in the reactor re ot be transferred to the 
coolant and thereby ret ‘ in occur, for tance, if 
the neutron flux rise bo e safe level, causing the heat 
veneration rate to rise. At LUSE 7) | be lo | ten 
pressure, Causing boiling of the cooling iter and Lboulit 


to transfer heat to the ) t. A third cause 0 ol Coo 


ant flow, results in il I to remove heat trom the core 

Protection against these emervenct | obtained b thie 
apphcation of an over-riding automati hutdow! tem 
called ‘“‘scram’’ circuitr r e if ; rar ed to 
operate very rapidly. ‘The cram mals must be selected 
carefully. Too few cran fail to protect the reactor. ‘Too 
many shutdown signa iuse unnece iry expense, operat 
effort and shutdown | rene! three paramete! neutron 
flux Low pressure, ané 7) ‘ ire iequate to protect 
the plant 

Phe period of inter Ldowtl Ituatior is the rst 
lew econds following the rrence ot the aditheutt ore 
time must elapse before tor f wn, The ‘ 
of loss of power to the i lant pump a vood 
tration. The inertia of the int tems must be examined 
in each cle vn ind i! j ( isd dditiona nertia added to 
insure that the transient heat energy ife removed 

The design of the reactor te! ould be pre iter 
on fail-safe shutdown © ) ol i power. However 
the radiation detection © ment N is certa other 
AUXINArY load Ould te rit e) pple 1 owe; 
These loads are norn ected to a tal Du 
is supplied from tcombp mol ures aq rth 


lary bu a batter 
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Fig. 5 Reactor fuel assembly. 


) 
Phe maintenance of a nuclear-power ») int differs fror 
ted with conventional plant lor a invie re 
When the plant n operation the primary coo 
OD) t be approached for maintenance. Special ce 
ol deratio ire observed to obviate the nece ty tor ire 
(jlie I tlentiol ( orrosiol product which would beco! u 
radioactive, are removed to minimize the activit 
the loop. \ c and pump sea nd packings are eliminate 
1) thie ce ool hermetical ealed unit Provi on ire maace 
0 i e on matilunctioning component 
Ii poral l ibove 1) OOO-kw rating more than one neat 
transfer loop and steam generator would be utilized. In sucl 
unit i major leak in the heat ¢ changer is isolable in tl 


manner, Of course, the unit must be operated at part load 
pending maintenance 
\ll maintenance of a pressurized-water nuclear-power plant 


in be performed in complete afetyv by the trict observance 


ol tay mple ventilating, waste disposal and health phy 

practices. Careful training and supervision of maintenance 
personne of great importance. For example, crew member 
hould be trained to use radiation monitoring equipment ind 
protective clothing, hat love coverall boot etc. Cor 


trol ol too ind equipment prevent the pread of contami H 
tion throughout the plant 
Appre ible quantitie ol water are required for rinse prior 


enance of systems handling radioactive coolan 


to al maint 

In those instances where radioactive particles have plated 
out on the irlace ol the matlunctioning part an acid rinse 
followed b Vater rinse can materially reduce the dithict 
time, and manpower required for maintenance. Such a tec! 


nique would be particularly applicable uf fuel-element failure 


| id beer experienced 


lhe retue y ol a pre urized water reactor usual 
VolVve taking the ) int olf the tine cooling down and ope 4 
the reactor vVvé (| Pre ent true element ire cle signed lor 
continuous operation ol appro mately one vear. Inte! ve 
testing and development worl being carried on to extend 
1} period resent estimate ndicate that a we trained 








crew can reload a plant with a total down time of one week 
Maintenance of the primary coolant system should also be 
performed during this period 

By proper design of the reactor compartment, so that the 
area above the reactor can be flooded with water, the refueling 
operation can be carried out without the use of heavy shielding 
cothi Phe adequate visibility obtainable with water makes 
ich an operation desirable. The cost and technical complexity 
of the manipulating equipment is minimized, as is the time 
required for the operation 

\ large portion of the reloading period is taken up in the 
removal ol ielding sections, auxiliary power and cooling 
connectio and the removal of the reactor-vessel head 
Present practice is to weld the closure with either strength 
or seal weld However, experience indicates that gasket 
closure ould be adopted to reduce cost and handling time 
Phe handling of the heavy reactor vessel head requires care 
fully designed Wys and fixtures to prevent damave of control 
mechanisms and core during removal and replacement 

fter the spent fuel charge has been replaced ind the plant 

operation, the crew can devote its attention to the prep 
tration of the spent fuel for shipment to the reprocessing 
center. Underwater tools can be utilized to remove non-fuel 
bearing parts such as the end nozzles (see Fig. 5). After cool 
ng, the tuel-bearing assemblies are loaded into lead coffins 
proximate ten inches in wall thickness) for shipment 
e water the fuel storage pit will probably be contami 

ited and these coffins will therefore require scrubbing to 
remove radioactive material from their outer surface 

Waste-disposal facilities will be most heavily loaded at the 


I 
refueling and maintenance pe riod and storage lor subsequent 
disposal should be considered tn the design 
’ ’ 
( onclusior as to manpower requirements for an atomi 


plant are hard to reach. Early plans indicate about 129 posi 
tions for the Shippingport plant At least 26 of these will be 
engaged in the development portion ol the project; estimates 
ndicate that the final operating crew can probably be re 
duced to 81. This compares with a complement of about 66 
men for a conventional plant of the same rating. This data 
points up the extra effort needed to get a new plant type 

operation and the extra personnel needed to take and 
analyze the operational data obtained from the first plants 

During the early years of the nuclear-power program the 
operating crew will require special training and skills. All of 
these special requirements will become commonplace as the 
ndustry develops and should be regarded as developmental 

The time when nuclear power plants will go into operation 
oO itilit ystems is not far off. While the sper lal operational 
problems are not difficult, all aspects of the situation should 


be carefu reviewed and planning completed for each new 


ee 


ae 


I ee 


| 
} 
| 





a multi-megawatt 
magnetron 


development 


E. C. OKRESS, C. H. GLEASON, AND W. R. HAYTER, JR 


Klectronic Tubs Divi we 
estinghouse lectri orporatior 

W gl I ( 
Elmira, New Yor 


AXIAL ne HOLE 
MAGNETIC vee OUTPUT WAVEGUIDE 
Ta frailel 
FIELD ae J 


» CAVITIES 


»» 


HIGH-VOLTAGE 


VANE / ' 
Wa Sy PULSE INPUT 
NOC . , 
~~ 


CATHODE 


— 
N 

(| ra Ppl) 

\ <p 


=i 





j 
iy 
S 


So 
~ 
2 


F MAGNETIC FIELD 


LL 
~ 
4 


R-F ELECTRIC FIELD ‘ 


eaten alle ANODE 


aiaee L 
: {*© } Ce 
i. ob 
\ le 
VG 
, < 
ENVELOPE OF \ 
ELECTRON CLOUD 


HUB OF SPACE CHARGE d 





f } 
_ J ELECTRON 


PATH 


SEPTEMBER, 1957 





® A new 10-million wat 
output of 17 kilowatts 
borne radar set ever 
cruiser, the radar equipme 
exceeding 400 mile 

Since radar range is pt 
average radiated powel! 
quired to produce t 
required power ol 10 me 
over ten times the prey 


transmitted radar signa 
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several microseconds durat 


empty period average pow 


increases In pulse powe! 
siderable pironeering 
capable ol generating 
high power required 
of a second—in a volt 
durations shorter th 
is obtainable 

The new magnetro! 
low), Is ope rated as a 


the WL-6285. It is a se 


with an a-c heated cermet 


Phe performance chart 


attainable operation of a pa 


matched load at 1310 me 


Ser onds pulse duration i 


stant magnetic field and ce 


put are plotted in tl 
dance lines, governed b 


user’s pulse transforme! 
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tran mitted to the window T he glass d yme window 


is forced-air cooled. The transducer ter 
ct coupling type adapted for a 6!5 inch 
ar waveguide. The desi is such that 
lary gas insulation up to the maximum 
capacity ol the magnetron is needed 


The catl ode design } id to soive three bash 
election of a suitable emissive surface 2 
emi lve urlace, and 3) means for heating 
urface to its operating temperature. As the 
ice gained with several approaches, a succe 
ve indirectly heated cathode was developed 
any supporting insulator for the heater 
hing, across which the cathode 
was designed to run in air rather 
a pressurized gas. While use of 
ol the app ied pp iro atl ntails a somewhat longer cathode arm, 
ts impedance cl ( nd rand operation of the tube is made simpler and safer 
ne ol oscillatior Ol sealed-off tube of this volume and mass, a 
generated ft was desirable for emergenc ise. Therefore, 
ted zirconium getter was incorporated 
irm of the tube his getter can be used inter 
emlb ' } d tror { { ontin vy, as the situatior requires lor ¢ 
{ { OLrHe copper ¢ | lor 1 mp ( rwa iilure can occu! Phe operation of thi 
he oe | transducer i ( yveriod of time has been relatively success! 


ured degree of vacuun 


/ 


| coupled to the waves ney { litt issen problems. It was logical to assemble 


OrHC copp ized to Oo Kor tube of tl 1 complexity quite naturally pre 


{ 
2) 


Cross section of the new magnetron showing 
superseded directly-heated cermet cathode. 












from sub-assemblies; the anode, cathode, and output 
Thus 
oint tests could be 
the tube 


Welding—A 


method of 


e tubs 





vindow many electrical, mechanical, and vacuun 


performed prior to the final assembly of 
reliable and, if 
the 
welding offered advantages in simplicity 
of the and the 


the 


very possible, convenient 


Arc 


eating 


jOInING sub assemblies was necess iry 
localized 

work, prospect ol good vacuum-tight 
joints. A 
methods pointed to the inert-gas-shielded technique, in which 
the 


tungsten welding electrode in an 


per 


formance of welded survey of arc-welding 


is established between the material to be welded and 


art 


inert atmosphere such as 


argon or helivm. Such an are can be precisely controlled and 


no filler material is required if the joints are properly de 


signed. A particularly attractive feature of this method is that 
| ° . - ° 

. heating is localized, so that assemblies containing glass can 
3 be joined without concern for the vlass-softening point Also, 


precision fixturing can be employed with the advantage that 
the fixtures are not subjected to high temperature 

\ number of considerations entered into choosing the metal 
and 


mechanical, magneth 


these 


to be welded. Among these were 


thermal properties, and availability. From considera 


tions, type 347 and 304 stainless steels were chosen. However 
magnetron was of materials other than stain 


fitted 


as most of the 


less steel, each was with a brazed-on 


sub-assembly 
stainless steel welding termination. 

prob 
Even the 
chromium content of the stainless steel tends to form chromi 


Brazing of stainless steel to the other metals posed a 


lem hydrogen atmospheres normally available 


um oxides that prevent the desired wetting by the brazing 


Phe solu 


material and often results in a faulty brazed joint 








tion was a sintered nicke ink 
steel before brazing. Brietly, the t plat 
ibout one-thousandth of ( i ‘ 
steel, and sintering thi 1) ( ( ew 
point hydrogen at about LOOM Cure ( ‘ 
Ihe dense coating ol re ‘ r 
formation of chromium-o ‘ er rent b 
Ing operations 

Exhaust—TVhoroug! ( f 
suitably high degree of re extre port fi) 
the sealed-off magnetron. be ‘ Lr the ¢ ( 
silver and copper exter ri vol ve é it f 
dation protection dur I ( To | 
required. A protective ( ( ‘ é 
signed and built, in w ( lo () percent at ( 
and 90 percent nitrovge! ro ed t te eatmo er 
In this oven the tube is baked e cont pumped ! 
24 hours at 450 degree ( e temper ( tat 
imposed by the glass asse! ( iver 

The magnetron is next subjected to Itave se , 
trom O0-cps, RO-kv half e rectitved 1) The tube 
then sealed off from the i m pump d transterred ¢ 
the operation-test positio conta plete pump 
ing system of its own. The etro! ealed onto t 
vacuum system for initial operation sease ae f transiet 
from exhaust to test positiol wcomy ( thout « 
turbing the vacuum wit the maynetron | mea of a 
special pumping assemb containing a “break throug! 
‘lass bubble. The magnetro1 cont ously pumped during 
operation seasoning and test he tube is the ealed off pet 
manently and retested prior to pment. @ 





PEAK VOLTAGE—KV 





197 
OHMS 


255 
OHMS 


A TZ 


98 MW 
/ =e 
a 
_ _ 
/ 
1340 Cakes i 


1240 Le. L_|y aw) } 


10 Gt 
/ e.« Taw MEGAWATTS 


i GAUSSES | 


a. Lz 


30 170 210 


a We 


250 290 330 370 410 


PEAK CURRENT~AMPERES 





very | nt manager has recognized for a long time that 
tions are performed by his employes: manual and 
{ The manual effort of drilling a hole is distinct from 


mental effort of deciding which drill to use. The equipment 


nery developed by industry to decrease manual 


effort been phenomenal. Little work, however, was done 
til the last 20 years to replace mental effort. There is a good 
reaso NI this is so. The manual operations of a process 
be replaced by some mechanical device before a substi- 
tute for the mental function of the worker can be made. Most 
the eal work on the mental function has been to supple 
( e mental effort rather than to replace it By attaching 
truments to processes, the operator receives more intor 
ible to make better decisions quicker. This of 
ourse led to the de velopment of automat controls. 
( trols are generally thought of as either open loop or 


closed loop. If a control is not completely automatic and an 


teleological : 


tor is required to make some adjustment to a process, 
the proce has an open loop control (1 ly ] If, on the 


control other hand, the control is completely automatic, i.e., does 
st require an operator to perform any function except ob 
2 e ‘ a closed-loop control (Vig. 2 
-..itlearns by doing er ist field of spelication for which closed-loop 
ALBERT KERSTUK tro it be built because certain elements within the 
’ | ( re not derstood. | ven though computers are used 
\ | ( re complicated closed loop systems, they cannot do 
| gy. The computer can replace the mental 
( of the operator only if the process variables can be 
expressed mathematically and can be predicted and preset 
0 the me inism, or if the computer can apply logical in 
erpretat of information fed to it. However, automatk 
tro be deve loped for those processes not heretofore 
died | ( ventional feedback-control techniques because 


ick of knowledge about all of the variables 


he output of a process depends upon Its input and to 


ontrollable the output must (1) remain constant, (2 


r 
inge ina predictable way, or (3) provide information about 
the output with the passage of time This latter case becomes 
ef hen the desired value of the output is vague or un 
kno for example, the optimum yield where the value of 
the optimum Is not known. A machine to control such a pro 
ess must be able to cope with changing situations, must have 
the ability to change the input variables to achieve a goal, 
d maintain stable operation of the process indefinitely 
| type of machine has been given a name: /eleological 
rol. The detinition of teleology is the fact or character of 
being directed towards an end or shaped by a purpose. This 

mply mean goal seeking Y A 
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Teleological control is a new concept in the 
matic controls. Unlike conventional controls that force tl 
controlled process to conform to their instructions, a teleo 
logical control is allowed to experiment with the process 
until it finds the goal as determined by a set of built-in rules 
This concept stems from the fact that many present in 
dustrial processes can be operated only through the use of 
human operators. The efficiency of such operation is certainly 
subject to question. Improvements undoubtedly can be made 
by the use of proper ¢ ontrols; these controls must be capable 
of decision making based upon observation and memory, 
much as the human operator. The control must create a 
change in the process so that its effect can be observed in the 
output. This change to the process and subsequent changes 
must be designed to direct the process towards a predeter 
mined goal. If this procedure is carried out in an intelligent 
} After reach 
ing the goal, the intelligence of the control should recognize 


fashion, then the goal can be reached efficiently 
this fact and maintain operation of the process at this value 

However, the operating point must be changed when a 
disturbance to the process causes a drift from this optimum 
point. This means either a new value or location of the goal, 
which is then sought out. 

The new Automex control is a teleological device. Actually 
it is an automatic experimenter that operates by intelligent 
trial and error. Hence, its name, from the words “A u/omati« 
Experimenter.”’ The purpose of this device is to control a 
system where optimum output can be achieved by properly 
adjusting each of several input variables, and where the best 
adjustment for any one input changes with time 

lor example, consider a cruising airplane. The combina 
tion of engine rpm, fuel mixture, speed, and airplane trim 
that will give the maximum number of miles that can be flown 


\\ hile 


the aerodynamic properties of an airplane are fairly well 


with one gallon of gasoline is required information 


known because of wind-tunnel tests, the dynamic behavior in 
actual flight changes in unpredictable ways due to atmos 
pheric changes. At present, a skilled human operator must 
exercise control of the airplane He watches the instrument 
reading of the inputs and outputs of the machine, and then 
uses his knowledge and experience to decide in what direction 
} the controls should be adjusted. The adjusted inputs bring 
new output readings, which have to be interpreted by the 
operator to determine whether the optimum condition has 
been reached. Thus, the operator is a human experimenter 
Consider another example. In many factories, an electronic 
bridge must be balanced to either test or calibrate a product 


( 


While there are many types of bridges, all have the same bas 


principle of operatiol ( ot the bridge wil ire 
impedance elements t. for a balanced condition, divide 
the current supplied to cause a minimui mount of tl 


current to tlow throug! imeter ora detector mnected acro 


- 
- 


the bridge. An operator balance 
impedance of the ind dua r One ley of the bridge 
varied to reduce the <« rrent tive detector toa A 


value as possible Then the adjacent leg idjusted to reduce 


the current further t 
nately on the legs of the bridge. a condition is reached wher 
no further reduction n be made in the value of current to 
the detector. At thi ) t, the bridge 1 ed ind the 


position ol the adjust r knobs of the operator nstrument 
can be inte rpreted to vi 
upon this value, the pro rwecepted, rejected, or ca 
brated Phe operator nee »>KnoOWledve ol reultv, mere 
the ability to adjust two or more knobs to obtain a minimum 
value of meter indicatio 
this operator can be built. A teleological control can be b 
lor any process regaradle ol the number of mut variable 
involved, if there is an operator at present control { 


process. A minimum o 


to effect control 

Learning all about a proce before an attempt vcle 
to control it can be an ¢ 14 ¢ propositiol Also. extreme 
accuracy of the controlled behavior cannot be ¢ pected eve 
if the properties ol the ontrolled tem | e bet cdeter 
mined. Any manufactur pT! ( way troduce 
differences into suppose: lentical object Also, a ( 
neering system 1s subject t variato vith respect 
to time. This may be caus the normal deterioration of 
the system caused b ( ind latigue, or f the crit 
conditions in the enviro ent vhich the tem operate 
In short, the propertic | ( nneerimny tem ca neve! 
be known exactly prior to the instant of tual oper 
furthermore, contro ( re st rat ed { 
tandpoint ol static or ste tate proce that thie 
primary function 1s te { operatl nad 

stant despite the effect of i hanyves or other disturbances 
Since these environme lito Cu nd do Heel 
process equilibrium q I ( Lhnes¢ ter ree 
guidance (an operator 

\ teleological contr ro can cop t the probler 
of environmental distur 
the output without kn ( e of the iriable hve 
Thus productios proce 
eration of human pl hecause 


I 
be eliminated, © 
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airport lighting and 


the jet age 


A. PENNOW 


iirport lighting of today can be classified as 
hting. Except for specialized work by the Air Force 
vy BuAer, no marked change has occurred in 
equipment since 1947. Meanwhile the DC-4 

DC-6 and Stratocruisers have passed their 


DC-7 and Super Connies will be replaced by 
x1 decade 


1S 


1} 
i¢ 


time to start planning for airport ground 
r required for jets. The sheer size and weight of these 


behemoths limits their maneuverability at slow 


juiring that the pilot see the pattern as soon as 
ind be sure w 


hat the pattern means 


ly, instrumentation leading to semi-automatk 


ipproach and landing has successfully passed pre 


tests. Lighting will soon assume its proper role, 
that of providiny 


y visual reference to enable the pilot to 


properly monitor the work of the * black boxes,”’ and permit 


nd equipment to work with the “black boxes” 
mn more than just one end of one runway, lights 
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EXPENDABLE PLASTIC TOP 





ALUMALIZED PLASTIC 





will have to do the whole job during clear, or VFR weather 
when wind direction precludes use of the instrument runway 
These lights need not have ultra-high candlepower, but wi 
need good circling guidance so the pilot can see and under 
stand the pattern before he commits the landing maneuver 

During the last three decades airport lighting has gone 
through four distinct cycles, from tlush lights along runways 
to tipover cones, to semiflush lights, to elevated lights 

With the advent of instrument let-down and approach 
Systems, the need for better lighting to help the pilot the 
rest of the way to a landing became apparent. The high-in 
tensity runway light was developed to assist the pilot in this 
transition from instrument to visual flight during final ap 
proach and landing 

Airport lighting has always been a controversial subject 
Discussions among airport operators, pilots, and lighting 
engineers often brought forth complete disagreements 

High-intensity runway lighting is an excellent example 
of such disagreement. Three distinct types of such lights are 
in general use, each covered by a CAA specification, each 
designed to do the same job in a different way. 

Perhaps the best known is the Bartow, or controllable 
beam light, a high-« indlepower s)-watt unit, where the 
beam brightness, toe-in, and elevation are chenged to meet 
specific weather conditions. The control part of these light 
has varied from motor-driven devices in each light, requiring 
several control cables, to a simple automatic device that 
works directly from the brightness control 

he most universally used high-intensity light is a wide 
beam, fixed-focus type, which is simple, low in first cost 
and easy to maintain. This is a 200-watt, relatively low 
candlepower unit providing good all-around lighting 

The third type uses sealed-beam lamps to provide the 
high-intensity fixed-focus beams, and has a separate source 
and optic for clear weather, medium intensity use. This is 
the only undirectional high-intensity light wherein only the 
beam pointing toward the incoming pilot is lighted, thus 
avoiding any tendency of the light to “halo” due to lighting 
a fog wall, raindrops, or snow flakes behind the unit. This 
type is the most expensive to install but is the least expensive 
to operate, because the high-intensity lamps are only 100 
watt, and the medium-intensity lamp is 30 to 45 watts. The 
high-intensity lamps have a rated life at full brightness of 7 
to 10 times those of the other types, while the medium in 


" 


tensity unit uses standard 1000-hour lamps 


OY 





Fig. 2a With lights spaced at 200-foot 
tervals along runway, pilot sees 4 to 5 ligt r 
each line with “’-mile visibility. But with lights 


spaced at 100-foot intervals (2b), he not only 


‘ ‘ 200° 
sees 10 to 1 ights per line, but also see at 
east one additional light per line because |t 
eye is led more accurately along the line 
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Consideration: 


So tar, runway lightu is CO i two es of light 

each line located at, adjacent to, or ear one eage ot the 
runway (Fig. la). Spaci f the lights in eac ( 
2.0 feet apart, but the eparatio { e trom 1605 feet to 
330 feet. Lighting engineer lL other tudving the effe 
tiveness of runway light ve urged that high-intensity 
runway lights be spacee ser together it least alone the 
approach end of the runwa to a point S00 feet or more 
bevond the touchdown | I 

\ reduction in spacing from 200 to 100 feet gives the ot 
of an incoming airplane at e elfective e ot lights. Witl 
one-eighth mile visibility t t ma ee 10 to 11 { 
each line instead ot 4 to I per ( ee big } I hve 
gain in effectiven ( { ’ because the eve sec 
at least one additional e | being more accuratel ed 
along the line, so the act ength o e perceived is 1000 


to 1100 feet instead of SOO to 1000 feet 


Lighting engineer ind | if have been restudy r the 
runway lighting problem, t time on the ba of what the 
pilot sees and how he et t. One of the most interest 
results of these studie t rea ition that, when rows ol 
lights are spaced 200 feet or more ipart, the i ts close to 
the airplane are more difl { ee than those farther dow! 
the runway Pilot have t ked Hout the black hole bye 
yond the threshold light r year thout m h understand 


ing of just what they me { 


Phe advent of center ( pproa { r has he ped to 
clear up the meaning of the tern black hol Pilots now 
tly down the approact pat th a ne ol hts direct! in 
front of them, just as if the rplane were ding d 
“bannister of light Kveryt! ris clear and in tull range ol 
direct vision. The plot see mts trom the tar ‘ ryle 
limit to the point ol a ippearance below the tirplane \ 
the airplane continues it le, the runway threshold { 
across the end of the runway appear, and beyond it—not! 

\s weather worsens, this condition becomes even mort pro 
nounced, The pilot with eve ittuned to a stare conditior 
by the centerline approa byt ds it ditheult to perceive 
the start of lines of runwa rhyt paced outside the limit 
of his direct vision. He to pick p the tine ol the rit 
far down the runwa vhere rallax br m the light to 
the tield of his direct 1 thie follow them bac my 


the runway toward hi ’ ralove or (lt 
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the pilot et ceeded to complete a iccesstul landing shows that a some 
on can be med what rrower beam spread adequate, allowing better use 
itt paced AM) 1 the met! emitted by the lamp 
this over SOOO teet The peak beam candlepower necessary is also being con 
! With 150 feet aeres Avan as these iwhts are largely in the cone ot a 
wnead of hill re pilot airect visior i much lower candlepower is as visible 
direct mt is the ther candlepower from lights outside the cone of 
degree, ol t t direct ) The ratio may run four to one, or greater, de 
ol evret rT thie prac r between rows 
‘ MM) fer Other points also need watching. The advent of narrow 
feet ( y r ting does not mean that runway widths can be les 
ne tl ( ened. The present 150 feet minimum, 200 feet preferred, wi 
1 »TOV l rema Phe pilot st \ need the width to cope with cros 
ineuver b vinds, flat tires, and near misses of the runway on landing 
nterline. atte { Ixperience may show that the present high-intensity run 
i rhyt r va { , need some modification, to reduce the chance 
Tapinotr taking the area between a row ot high-intensity 
ling rec vhts at the edge of the runway and the nearest row of flus 
eto the 1 rhyt the center area of the runway. If the lateral dist: 
Hutio yt thie flu h hent | properly controlled, Suc h chance 
tradad thet iv te er remot \ pilot centered on one of the side strips 
ve ose tovether hould see the high intensity lights as being very bright 
cl tye e tovether v1 e the nearest row ol {] is! lights should be very dim 
betwee row (ne proposa that lights along the edges of the runway be 
ited hel re i poe iver to vive circiing guidance only being non visible to 
As the lit thre it ed up with the runway However, some light 
to the pilot oO be present to show the pilot the area available for 
ree-cegre inding or take-off maneuver, particularly when he has 
an approa ’ ! to contend wit! ome cross-wind component, or slight ma 
lorward lor luncts r ol ni iirplane such as landing with an engine 
ict ) tire 
rvear to rice evel ( ol rhyt are proposed lor narrow-gauge 
e entire airft é Cy ( ! experimental installations are being made to 
he reckone ret ‘ vers. However. these installations are not like 
If lieht T { e answers. Only when all types of lights, not 
wh hig rhyt mock ler consideration are installed on the same rut 
ya rocking mot vay, | ervation by the same pilots under the same cor 
i Ver I t ine iit ( Ve ndings, will va id data be obtained 
yw nd ro Vive {) e ot light wit! good performance consists ol two 
he roll on takeofl parts: the part containing the lamp is completely tlush wit! 
progressive cl r( the! ‘ rface, while the element that produce s the use 
e speed decre ‘ | rit distributiol 1 thin plasti shell, about five inche 
sa Th plastic she snaps onto the flusl sectiol! 
ed tron i lered expendable; it 1s sufhiqentiy tragile that it 
‘ | i 1 ive any part of the tirplane that it contacts 
be the ( \ se type consists of a large precast concrete pit 
A stud fv ere i steel grating (ig 3b). Sealed-beam lamps are 





hen the yunt t one end of the pit, directly under the grating, and 
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shine out through the grating near the opposite end The IC AQ) has listed the ( ( ‘ 
lateral divergence of the emitted light is restricted by the another tive year rosit 
teel grating tandard. The Civil Aer \ 
\ third type fits any of the standard bases and protrudes program to replace a di C0 el 
about three-quarter inch above the runway surface at the ystems with the cente | ( enter 
center sloping to the runway surface at the edge big 3¢ ire now equipped 
Phis light is intended to withstand all service hazards, includ more are in the ( (A 
gy SNOWpPlOws and other land vehicles, as well as the heaviest 
urplane now proposed in 


Other types, having somewhat greater protrusion above 


the runway surface, are being deve loped \s pertormance by The venera pattel 
laws of physics, is largely limited by the visible area otf thi hape. Basic factor ence the ne ter 
ight-emitting part of the fixture, this problem of how much increased speed on the ro the lessene 
protrusion above the runway surface is allowable is a con maneuverability of larg I ( t the 
troversial point Pilots want lots of light Po get it, the must be committed at ( ( l e ire 
engineer wants lots of height above the runway surfac way: and that there 
while the pilots want lights as nearly tlush as po sible the form of time and ( ( i | 
With a new type of flush taxi-light a taxiway can be lighted committed landing 
with a single row of lights on its centerline. This should re Phe pattern starts v erline 
move many of the confusions caused by present two-row condenser-discharge 4 
elevated light installations to navigation. Light re ( ear dl ( 
Narrow-gauge runway lighting will pose a real problem the identification of the 1 \t the greate 
on existing runways. Cutting holes for the lights, ranging ports appear like a postage dther 
from 16 inches in diameter to 2 feet wide by 6 feet long often indistinct until the ( { 
depending on the type of light—is bad enough. Cutting in and approach path. Apy is v Cl ( 
for the power-supply cable is much worse. On most 150-foot quick and positive ident d location of the 
runways, and some 200-foot strips where soil conditions per When landings are to be ( ot ¢ r 
mit, the best scheme is to jack a conduit from the runway with approach light ( r guidance rhyt e| r 
edge under the paved area into each hole pattern and show the e the ' by © he 
} Where deep crushed-rock fill, or natural-rock formation makes his turn into the le of ( 
i exist under the paving, surface cuts will have to be made runway lights take over ( CS ¢ yurse 1 ce ev 
: from edge to hole at each location. These cuts may be shallow the job under VFR (\ | t Rule 
and narrow, 3 to 5 inches deep and about 2 inches wide Under IFR (Instrum | t Rule Ol t, the 
1 Where the pavement Is steel reinforced, neoprene insulated let-down and first part ( ro ( ( 
cable can be grouted into the cut. Pavement subject to ments. Somewhere alo ( e bel 
} cracking may require grouted-in conduit to protect the cable but not less than one ( ( ro ts be ( 
Fj Other points that will affect the final choice of fixture for visible Perhap 0 ( ( 
a narrow-gauge installation include snow and snow removal at first, but as the ( f 
equipment; amount and freque ney of blowing dirt and sand more lights become ed ( MM) 
{ ability to withstand jet blasts, particularly the blasts from feet from the thre 
/ thrust reversal that will be used for braking during landings then splits into the ( 
what the fixture might do to an airplane tire whet inding Ing Is completed bet 
on it with brakes locked ind methods of ervicing and Operation inder Ih] ) en 
} maintenance costs vgauve lighting ( ( 
The approach light controversy ippears to have been re ippear in the pilot 
solved, at least for the Americas. The Slopeline system ha visible and bot 
been forgotten. The Calvert, or British system, | tead center of the: | 
‘ osing out The International Ci, \ ition Organizatior black hole ) . 



























® The ingredients: lime, silica, iron oxide, and alumina; 


re} proport oO! blend and bake toa nker then grind 
a dash of g psum Not a recipe s titable for the 

r ise. but nonetheless a carefully controlled recipe 
I ad cemeée today’s most universal b ding material. 


emer! 


Phe original formula for portland cement was developed in 
e kitchen ol Jose pn \spdin ad bri klaye rand mason in Leeds, 
yurning a mixture of powdered limestone and 

kitchen stove, he produced a hydrauli cement 

rdens under water) far superior to existing cements. In 
1&24, he was granted a patent on his cement, which he called 
d”’ because it resembled in color an excellent building 
e quarried on the Isle of Portland off the English coast 
recipe ha ince been improved conside rably, but the idea 


reluly proportior ing the ingredients to obtain a prede 


= | { 
recipe for ry 
construction termined chemical combination of lime, silica, iron oxide and 
s = # 


t was a real contribution to the art 
portiand cement Man had been searching for this formula almost since he 
rst started piling stones The ancient Kyyptiar s are credited 
th the discovery of lime and gypsum mortar as a binding 
rent. The Greeks made further improvements, but the 
Romans probably developed the first real cement with hy 


draulic characteristics. They discovered a mixture of volcanic 
es and lime that hardened under water and hence could be 
ed the construction ol aqueduc ts, cisterns, and other pro} 


ects that required this quality. The Romans built foundations 
for their buildings with a form of concrete (from the Roman 


rd concrelus, meaning “growing together” placed to a 
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en Artist's conception of Joseph Aspdin working in 
< his kitchen workshop developing the recipe for 
a 
a portland cement. 
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depth of as much as 12 feet. Their best mortar was made from 
lime mixed with a volcanic material called pozzolana, named 
from a place called Pozzuoli, near Mount Vesuvius. Unknown 
to the Romans, the volcano had provided pozzolana with its 
cementing properties, much as the modern kiln does today 
Through the dark ages, no new contributions were made to 
the art, but by the eighteenth century, Europeans again began 
the search for better building materials. One of these was 
John Smeaton, an Englishman, who had the job of rebuilding 
the Eddystone Lighthouse on the rocky coast of Southeast 
England. Failure of mortar to withstand the effects of sea 
water lead Smeaton to experiment with mortars in both fresh 
and salt waters. A widely held belief at that time was that the 
purer the limestone, the better the mortar; he discovered that 
lime made from a limestone containing a considerable propor 
tion of clay had much better hydraulic qualities. To make his 
cement he heated the impure limestone in a kiln at a low 
temperature and then ground the burned limestone into a fine 
powder. He was on the right track. Forty years later in 1796 
another Englishman, Joseph Parker, took out a patent lor 
“Roman cement,” which was made by burning argillaceous, 
kidney shaped nodules that were washed up on the shores ot 
the Isle of Sheppy. Neither Smeaton nor Parker, however 
carried their burning to the point of near fusion, an essential 
step in the manufacture of portland cement as we know it 
today. In fact, there is doubt that Aspdin originally carried 
his burning far enough to have a true portland cement, but 
rather that the process evolved in the years following his 
original patent. Portland cement got its first real trial in 1859 
in the construction of the London drainage canal. By this 
time, certainly, the value of producing a clinker by burning 
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FUEL (GAS, OlL, OR 


the raw material t to the | { Deel 
covered 

In the United Stat the rst roe ‘ lat ent was tol 
canal building. The Ameri ement try bega ISIS 
when a natural cement-rock w discovel ear the route of 
the Erie Canal, then be mstructes | rf rse, Wasa 
natural cement.) The first port cem pped to the 
United States about 1868 fror irope, | vay 
turers used the cement Datla | ereb otaimm 
low freight rates. Short rt \met beyan exper 
menting with the manufacture of portland cement, and the 
David O. Saylor Compa ol C opta 1 inta, probably 
manufactured the first: portla eme ( the United 


States about 1875 


The next big deve opm ( ( ) is mack 
by | Ransome, in 188 | Ishi ¢ ( y prate ted a 
slightly tilted horizont | that cou be rotated. The ro 
tating kiln made possible tinuous furnace operation, elim 
inating the previou batch-type vertical | Phomas Edison 
pioneered further devi ( l the rot } ind 1902 
introduced a kiln that i 150 fteet long, the tirst long kiln 
used in the industry. The long rotary ki the vital process 
of modern portland cement productio 
Manufact 

Phe exacting nature ( ent ture i 
requires some S0 separate operatiol ithouvgh most of them 
can be grouped into three fundamental step yrinding cd 
blending, burning ma i minding and blend 

Phe modern cement harcrvdl \spd nia 
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ments of portland cement manufacture. 


Simplified flow diagram of portland cement manufacture. Actually, more than 80 separate 
and continuous operations, carefully controlled, are needed to satisfy the exacting require- 
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rete. World production is something over one billion barrels 
376 pounds per barrel) of cement yearly. Over 267 million 
irrels of portland cement are manufactured in the United 

















Modern concrete made with portland cement has an aver 
ive compressive strength of 3000 pounds per square inch, but 
ee this figure can vary from 2500 to 5000 psi, depending upon thi 

ratio ol the mi and type ol ayvyreyate 
With de e avvregates, concrete can weigh as much as 250 
~ wounds per cubic foot; light aggregates or Sper ial processe 
A ‘ i concrete so light that it will float, and can be 


weighing as little as 25 pounds 








. lir-enls ed concrete j relatively recent development 
Used lary for highway construction, air-entrained concret 
conta millions of microscopy air cells per cubis foot. Wher 
water the concrete freezes, these cells relieve internal pre 





re. The amount of entrained air is usually from three to si 



















All states are engaged in 


programs of extending perce f the total concrete volume. Air-entrained portland 



















































and improving present cement is made by grinding small amounts of soaplike resinou 
highway facilities with or fattv materials with the normal cement clinker 
Sonorete (seve crentist irchitect ind enyineers are constantly finding 
ey iu proved Wil ol ing concrete Pr ves ed con 
This reintorced concrete rele i ( Lp In conventional re nforced concrete, the 
arch bridge (right) spans ty ‘ trenyvth of steel idds to the concrete’s natural 
the Penn-Lincoln Parkway , , 
in Pietebureh. Ps. The ompre e strength. However, this combination seldom 
bridge is 251 feet long ikes | dvantage of the high compressive strength now 
and rises to 40 feet ( | ed in conerete. Pre-stressed concrete is made by 
above the roadway rete ming or post-tensioning the steel reinforcement. In 
rete r the steel tretched before the concrete | 
) ed or is hardened: after hardening, the stretching force 
re released. | post-tensioning the steel is stretched after the 
rete | hardened, and fastened externally by means of 
Or root er gripping ae vices With pre stressed concrete 
hier and shallower concrete structures can be designed and 
ireo | t without icriticing strength 
mar d argillaceous (shale, clay) material are fed thro / up construction is another technique gaining favor 
re crusher Ihe first crushing reduces the rock to a t Whole reinforced concrete panels are cast in horizontal forms 
eof six inche econdary crushers or hammermills furthe cl) the tilted up vertically and fastened into place Pilt up 
reduce rocks to a two-inch size or smaller. The raw mater eSper idvantaveous for one Story structures, but has 
ire then proportioned to obtain the proper ¢ hemical combu becn used succe fully on many multi Story buildings Using 
tw and vyround to i po der huge ball mill Thi t¢ tilt D tect que project can be laid out readily for mass 
nay be done by adding water to the raw materials to forn yroduction assembly 
inry (wet proce or the materials can be mixed and groun: She nsiruction Ws another technique that has been gaining 
a dry proce Lhe re ultingy mixture, wet or dry. 1s fed to recognition mn the United States since World War II Although 
the huye cylindrical rotating kiln. The mixture is gradua the principle of shell construction is as old as the first pre 
raised toa te mperature ol approximate ly 2700 devree a | toric ¢ u magine how little strength an egy shell would 
tumbles down the clined kiln. Some of the modern tire-bric! ive if it were flat , application of reinforced concrete to shell 
ined kilns are as much as 12 feet in diameter, and over 300 roof construction dates back only some 30 years to develop 
feet long ments started in Germany. ‘Today, shell construction has been 
Phe ki heated by burning a blown-in mixture of air found an excellent roof for certain industrial and commercial 
powdered coa itural va or fuel oil. The intense heat ve Duildings that require irve amounts of clear floor space and 
ruted carrn the material to incipient: tusior cher nigh ce vs. Concrete she roofs can span large areas without 
pit ‘the elements into a new substance called ** ke pport and with a low ratio of dead weight to span Curved 
ly final grinding operation, gypsum added (to re te ribs or stiffening members are placed at intervals along the 
thy eltting > time and the mixture ground into a powder ) entire length of the she to maintain the curved shell, so that 
e that most of it wv pa throuvh a screen conta ‘ relatively thin shell of concrete is required. A Chicago hangar 
LO OOO orn nes to the square incl hi powder Is portland has a floor area ol 15 OOO square feet, covered by a concrete 
ent. now the basic ingredient for many building-matet hell roof with a clear span of 257 feet, and a clear ceiling 
| concrete, mortal tucco and pla ter to name a ti eight att dspan ol Of) Teel yet the shell at most points 1s 
5! ( thicl 
{ TY | The tol new uses for cement and con rete is ever growing 
Lhe pI Di ingredient of modern portland cement are 
It is ctl t to imavine what the world would be Ke { I ry the me as those sed centuries ago but the re |) 
{ port d cement { st mmo end prod ber ed many time . 
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. The ine reased use of Port! ind cement in road and build 
ny construction programs h is triggered an explosive expan 
sion in the cement industry. This expansion has been mani 
fested both in the increase of existing plant capacity, and in 
new plant construction. Cement plant locations are widely 
dispersed, since the calcareous (lime, marl) and argillaceous 
(shale, clay) materials from which cement is made are found 
in large deposits in almost every state. The economic shipping 
radius of this inexpensive heavy product is rarely more than 
3M) miles from the quarry 

The cement plant utilizes a connected-horsepower per man 
employed ratio of over 100 to 1. Crushers, grinding mills 
kilns, cranes, and conveyors with ever increasing single-motor 
horsepowers characterize the electrical equipment involved 
Ball mills with drives up to 2000 horsepower grind the rock 
products to the consistency of talcum powder. Twenty-five to 
thirty kilowatt hours of electrical energy are required for eacl 
barrel of cement produced. (One barrel is the equivalent of 
four 94-pound bags.) The typical plant produces two to three 
million barrels per year, and one plant produces 12 million 
barrels of Portland cement per year. A 15 000-kva substation 


is usually required for a 3-million barrel per year plant 
| | 


Plant Distribution 


In older cement plants using short kilns, the waste heat 


available from kiln exhaust gases was used to produce steam 
for power generation. The recent trend is to use longer kilns or 
pre-heaters, which efficiently utilize kiln exhaust gases to heat 
the incoming charge. Existing plant generating capacity is 
being abandoned in favor of purchased power 

A typical Portland cement plant distribution system is 


shown in Fig. 1. Utility line voltages range from 22.9 kv to 


115 kv, while existing plant generation is usually at 2400 volts 
3 phase, O60 cps Plant distribution voltages are at either 2400 


for 4160 volts. At these voltages, power is economically di 
tributed with acceptable voltage drops and power 
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power centers at load concentratior The ives a 


15 000-kva substation supplying cement plant 
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Fig. 1 Typical cement plant distribution system 
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Relative costs of power centers versus power-center capac 
ities is shown in Fig. 3. The most economical power centers 
are between 750 and 1500 kva. Power centers are almost 
universally supplied with 480-volt secondaries. With the ad 
ditional cost of cable and equipment and the poorer voltage 
regulation associated with the 240-volt system, this lower 
voltage is rarely justilied. 

Drawout low-voltage air circuit breakers in the power 
centers usually cable feed control centers where groups of 
motor controls are concentrated. This facilitates maintenance 
and promotes continuity by isolating the various individual 


process functions 


Control! Centers 


Motor control apparatus grouped in free-standing cubicles 
is preferred over individually-mounted control units. The 
grouped control facilitates interlocking and wiring for se- 
queine e-controlled, continuous-flow lines used in the modern 
cement plant. Combination starters, with circuit breakers to 
quickly and safely isolate faults without the possibility of 
single phasing, are preferred for each motor control. De pr nd 
ing upon the stiffness of the plant distribution system, appli 
cation of control centers connected to power centers with 
rating in excess of 500 kva at 240 volts, or 750 kva at 480 volts, 
requires a close look at control-center protection. Additional 
impedance or current-limiting fuses may be required to limit 
fault duty on the standard molded-ca © air circuit breakers 

rhe preferred control-center location is a relatively clean 
pressurized room adjacent tothe working area. Dust protec ted 
control desks out in the plant area provide machine operators 


with control at the driven machinery 


Quarry Distribution 


Klectricaily-powered shovels, draglines, pumps, drills, and 
other portable machinery are used in the cement-plant quarry 
\ single, line diagram of a quarry distribution system i 
shown in Fig. 4 

Phe widely varying ground impedance that exists necessi 
tates spec ial grounding equipment to maintain personnel 
safety. Ground faults are limited to a maximum of 25 amperes 
by a neutral resistor in the quarry substation transformer 
secondary. Where quarry power is supplied from the plant 
substation at 4160 volts, an isolation transformer can be em 
ployed to enable safety grounding of the quarry distribution 
system. The grounded side of the neutral resistor grounded 
separately from the substation ground to minimize primary 
surge and fault transients on the safety ground wire) is con 
nected to the ground wires carried in the interstices of the 
cable fed from the quarry transformer secondary circuit 
breaker. These ground wires connect to the frames of portable 
equipment to keep them at the ground potential established 
by the substation grounding grid 

Low ground-fault currents through both 4160-volt switch 
houses and 480-volt power centers are detected by balanced 
flux, window-type current transformers used with sensitive 
relays to quickly isolate faulted feeders. Machine frame-to 
ground voltages are limited to approximately the product of 
the maximum ground-fault current (limited by the neutral 
resistor) and the ground-wire impedance. This voltage is 
usually well below 100 volts 

Where delta-connected transformers are in service, the 


{ 


larry distribution system can be changed toa safety grounded 


i 
system by adding a Zlg-zay grounding transformer, a neutral 
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This hammermill secondary 
crusher is driven by a 
600-hp, 900-rpm syn- 
chronous motor. 


High-torque, synchronous 
motor drive (1250 hp) fora 
ball mill doing finish 
grinding. 









Table 1—Typical Cement Plant Drives 















Gyratory 75-400 Wound Rotor 
Roll Crusher 


Jaw 


Magnetic secondary 






Cone Crusher 50-300 Squirrel Cage 


NEMA B Spcl 


Full voltage 








Hammermill 150-600 
impactor 


Squirrel Cage 
Synchronous 


Full voltage 
Full voltage 
Sometimes reversing 









Conveyors 3-60 Squirrel Cage 
60-300 Wound Rotor 


Full voltage 
Magnetic secondary 
























Ball Mills 450-2000 Synchronous Full voltage on low-speed 


motors, reduced voltage on 
high-speed motors 





D-c Stab. Shunt 
D-c Stab. Shunt 


Kiln Drive 75-250 
Feeder 5-15 


Adjustable-voltage multi- 
motor drive, sometimes 8:1 
speed range 










Air Separators 50-200 Squirrel Cage 


NEMA B or € 


Full voltage 





Draft Fons 40-600 Squirrel Cage 
NEMA B Spcl., 
Synchronous 


Wound Rotor 


Full voltage, 
sometimes speed control 












Coal Crusher 40-200 NEMA B Spcl Full voltage 








Cement Cooler 40-100 NEMA ( Full voltage 


Elevators 10-40 NEMA B or € 
Screw Conveyors 


Drag Chain 


Full voltage 


Wound Rotor 
Adjustable 
voltage D-¢ 
hoist drive 


Bucket Cranes 40-200 Secondary resistance 
Definite time acceleration, 
Current limit acceleration, 


Magamp Rototrol 


] 


grounding resistor, and suitable relaying. Wvye-wve trans- 
formers should be avoided unless a delta tertiary winding is 


employed to minimize harmonic voltages and to insure suffi 


ient ground current flow when a ground fault exists. 


Motor horsepowers in cement plants range from fractional- 
horsepower feeder-gate drives up to the 2000-hp large ball- 
mill drives. Squirrel-cage induction motors, with low first 
cost and rugged maintenance-free performance, suitably drive 
most plant machinery. Comparatively little d-c power is used 
in the modern plant. The kiln and regulated feeder drives 
olten employ adjustable voltage d-c drives to effi iently 
oper ite over the speed ranyes required ; however, these drives 
amount to less than five percent of the total plant connected 
horsepower 


Large ball mills are almost universally driven by synchro 


nous motors. These motors have the advantages of high eth 
ciency, low first cost in the range of horsepowers and speeds 
required, and can aid in power-factor correction. 


Present power systems are usually of sufficient capacity to 
permit application of direct-connected, high-torque synchro 
nous motors, supplying the necessary inrush at low power 
factor with acceptable voltage regulation. Sufficient torque 
are designed into the motor to insure that the required shaft 
torques can be developed at the voltages expected during 
starting and accelerating 

Accurate positioning of large ball mills is required to facili 
tate charging and dise harging of balls, and to periorm other 
maintenance Slow speed rotation (1/360 of synchronous 
speed) is effected by using a small (20-40 kw) d-c inching 
generator and applying a slowly varying, stepped approxima 
tion of a three-phase sine wave with an inching control 


reduced from large pieces of stone as quarried 


to a one-inch size in two stages. Primary crushing, the first 
stage in the reduction process is done by jaw, gyratory, or roll 
crusher These crushers are high inertia, hard-starting ma 
chine with high repeated peak loads. The wound-rotor motor 
with magnetic secondary control best serves these drives 
Secondary crushing is done by hammermills, impactors, o1 
cone crushers. Special squirrel-cage motors with higher than 
normal starting and breakdown torques and additional rotor 































































thermal capacity satisfactorily drive these high-inertia loads cement-plant drives where moderate dust conditions exist 


Specially constructed synchronous motors are sometimes This enclosure minimizes heavy settling of cement dust on 
applied on hammermills and impactors windings and commutators, and allows periodic blowing out 
Modern kilns are driven by adjustable-voltage d-c drives of the motors with compressed air. In extremely dusty loca 
\ speed range of 4-to-1, continuously rated at constant torque, tions, the totallv-enclosed, fan-cooled motor with externa 
is the typical operating requirement. Sometimes intermittent neoprene rotating bearing seals (fingers) is applied. Special 
operation over an 8-to-1 speed range is desired to facilitate breathers and bearing seals are provided for cement-plant 
kiln maintenance. Here, the kiln feeder motor (5 to 15 hp gearmotors. In d-c mas ne application machine speed ol 
speed is varied in proportion to the kiln drive motor (75 to 1200-rpm or lower are preferred to minimize brush and com 
250 hp) speed so that the raw material is fed into the kiln ata mutator maintenance. The large synchronous pedestal-beat 
rate proportional to the kiln rotational velocity. The separate ing machines are usually of open construction. Special neo 
ly excited kiln and feeder motors are powered from the same preiie treatment is given to the ermalastic insulated wind 
uljustable-voltage d-c generator. However, provision is made ings to protect against abrasive dust particle 
to allow independent speed adjustment and operation of the lhe cost per horsepower at different voltages for motor 
feeder motor and associated control i vi n big. 6. A choice of motor 
The kiln is usually provided with an auxiliary gasoline voltages based on cost alone would dictate that motors of 200 
‘ engine drive to provide slow speed rotation of the kiln during horsepower and above be rated 2300 volts in preference to 440 
a power outage. Cessation of rotation when the kiln is at volts, and 250 horsepower and above be rated 4000 volt 
operating temperature can cause the kiln to be damaged by depending upon the distribution voltage available. O I 
warping factors also influence the break point | notor volt 
Material is handled in a cement plant by numerous con lor example, it may not be desirable to 1 oltaye 
veyors, elevators, pumps, and overhead traveling bucket line to motors in cert wations or to ‘ ngle mot 
cranes. The squirrel-cage induction motor satisfactorily drives on a higher voltage. Or the her motor voltage 
the elevators and cement pumps and compressors. Conveyors preferred where continuity of se ce require dependence 
below 60 horsepower are usually driven by squirrel-cage in from power center 
duction motors. The wound-rotor induction motor is often Phe power factor of a cement int 
used on belt conveyors of 60 hp and above to smoothly ac to unity in most plant Phe viding reactive It-ampere 
celerate loaded conveyors up to rated speed within limiting supplied by large 80 percent power factor rol 
belt stresses motors 1s sufhcent to correct the power lactor of the numerou 
The overhead traveling bucket cranes are extremely im induction motors used throughout the plant. Add 
portant to overall plant operation Failure of the overhead power factor corrective capacitors are rarely required, Cement 
storage cranes would shut down a cement plant in several plant loads, with the exc f the quart l crushers, are 
hours, as these cranes handle practically all of the coal, raw steady loads; and the load factor is relative ua 
limestone, gypsum, sand, and clinker. The modern trend to 90 percent 
favors the a-c supplied crane. The bridge and trolley motions With the continous tlow lin o dependent upon ct 
of this crane are almost universally wound-rotor induction ful operation of electrical equipment for cont ty of oper 
motor driven with secondary resistance control. The hold- and ation, cement plants have established effective preventative 
close-bucket hoist drives are either wound-rotor motor driven maintenance programs. Regular heduled checks of n 
with secondary resistance control, or adjustable-voltage d-« chinery, tabulations of 1 hine operating record ' 
drives. When finer speed and torque control and more main adequate supply of spare parts characterize the typical pre 
tenance-free operation is required, the adjustable-voltage d- gram. Irom the plant substation to the shipping platform, the 
hoist drive is used electrical supply and drive te re safe rded toy \ 
The dripproof enclosed motor is satisfactory for most the utmost in flexibilit nit ty of service d safety, ® 
i 


Rotary cement kiln drive 
with a 125-hp d-c drive 
2300 V 
motor and auxiliary daneed }MOTORS AND 
CONTROLS 
gasoline engine drive. 4000 Vv eae 


MOTORS, CONTROLS 
POWER CENTERS 


Fig. 5-Influence of operating 
voltage on drive cost 


mary problem in fan selectio s to evaluate the 


commercially available in relation to the appli 
rements. For any given service, one type of fan 

neet the operating « onditions 
The three general types of centrifugal fans are based on 
y—forwardly curved, radial, and backwardly in 
Although performance of individual fan designs by 
inufacturers is not identical, the basic characteris 


predicted and are determined by the wheel blading 


selection 
of fan types ally, forwardly-curved blading is designed to in 


crease the velocity component of the air leaving the tip of 
wheel beyond the rotational velocity. Thus, this wheel 
up a large velocity or a high portion of kinetic energy 
diffusion space in the scroll or housing is employed to 
vert this velocity into pressure or useful potential energy 
The transformation of kinetic energy into pressure is at best 
i difficult and inefficient process 

Phe theoretical design characteristic of this type of blading 
such that the pressure rises continuously as the volume 
increase \t the individual design point, the area of maxi 
mum etliciency, this characteristic is evident (Fig. 1). As 
he volume increases, however, the blading reaches a stall 
point where the air is no longer able to follow the blading 
a contour. Beyond the maximum efficiency point the pressure 
characteristic drops off. Because pressure tends to increase 
vith volume, the horsepower characteristic curves rapidly 
upward, reaching a high peak at wide-open volume. The char 
acteristic dip in the region of blocked tight is caused by the 

4 inefficiency at the lower-volume conditions 
Because of this dip in the pressure curve, fans with for 


HORSEPOWER ! 
wardly-curved blading have been called characteristically 


: 
f 
: 
; 
: 


unstable. Assuming proper fan design, however, this type can 
be perfectly stable in operation even in the region of the dip 
VOLUME In many instances, the system on which the fan operates 
determines the ultimate stability of operation. If a system 
TOTAL PRESSURE ws the fan curve in the portion where it is rising with 
" ncrease, hunting and instability will occur. But such 
exceptional. Most normal system characteristic 
the fan curve at a sharp angle, especially where 

isata peak 
of operation depends to a large extent upon 
response characteristics of the system. In theory, the system 
tance curve limits the fan to a single point of operation 
olume increases, the system resistance increases, and 
conversely if the volume decreases, the system resistance 
decreases. In practice, however, a system may be made up 
of long runs of duc twork ora plenum Space that hasa response 
lay. This means that a momentary increase in volume can 


occur before the pressure rises to a compensating point. Fol 


lowing this, the over-compensation of pressure increase tends 
to reduce the volume, so that surging or pulsation occurs. This 
condition is not limited to forwardly-curved blading, but is 
possible with any fan type operating on the blocked-tight 
side of the pressure peak. However, the dip in the pressure 
curve characteristic of forwardly-curved blading often magni 


hes the problem 

















When quick-response resistance such as filters, coils, or 


straighteners are located close to the fan and make up a major 
portion of the total resistance, the tendency toward pulsation 
is minimized. 

The pressure dip of forwardly-curved blading is a serious 
drawback to parallel operation when fans are operating at 
peak efficiency. When fans are individually motored, one 
fan can be carrying more than its share of the load and the 
other fan much less. However, in unitary equipment with 
two fans running on a single shaft, this problem is not seri 
ous. The overall output will not vary far from design condi 
tions even though the fans are unequally loaded, and the 
combined horsepower will not normally overload the motor 
When air from two fans is carried in individual ducts for a 
distance before joining, the imposed series resistance helps 
stabilize operation. Under most conditions, unitary equip 
ment is not operated at the maximum fan efficiency, and 
where the pressure curve falls off with increased volume, there 
is no question of successful parallel operation 

Popular misconception of the forwardly-curved blade type 
is that it is inherently a large volume or high-capacity fan 
Examination of the fan characteristics shows that this is not 
true. A fan of high volumetri capacity has its peak effici 
ency well out toward the wide-open volume conditions. High 
efficiency at low pressures is also desirable. With the chara: 
teristic increase of pressure with larger volume flow of for 
wardly-curved blading, this is not possible. The fan has high 
capacity pressure-wise, but as the pressure drops off, inefhici 
encies build up and design characteristics are low. This fan 
type can, for a given size, produce a tremendously large 
volume out toward wide open but at low efficiency. This 1 
due in part to its characteristically low speed 

The scroll of the forwardly-curved bladed fan can_ be 
Ww rapped more tightly around the wheel than other fan ty pe 
Phis is due to the direction of the velocity component leaving 
the wheel, so the fan can have a comparatively small casing 
for the size of the wheel. Because pressure builds up rapidly 
the rotational speed required for a given duty is low. The 
wheel design with its multiplicity of small blades set close 
to the rim permits light-weight construction. This combina 
tion of features offers advantages for many applications 

he small casing allows the fan to be used to advantage 
when space requirements are extremely small. Notable ex 
amples are unitary equipment such as air-handling units 
packaged air-conditioning units, and furnace fans. The light 
weight and low rotational speed of the wheel permits a smaller 
shaft and bearings, and becomes particularly advantageou 
when two or more fans are operated on a single shaft. Again 
low rotational velocity at high pressures makes it well suited 
for high-pressure applications, such as induced draft, where 
its small size and low initial cost show up to advantage. (The 
high velocities across the face of the blades preclude its use 


when erosive material is present in the air stream 


Radial Blading 


Radial blading was probably the earliest type developed 
and is exemplified by the early paddle-wheel units. Present 
day modifications include radial tip blading. The theoretical] 
characteristic of the pressure curve would show a constant 
pressure regardless of volume flow. In practice again, the 
air will not follow the blading as volumes increase and the 
pressure curve is reduced at the larger volumes (hig. 2). The 
horsepower characteristic is close to the theoretical straight 


line increase 
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asing woul - larger than 

but in practice (due to the 

this is not always done 

static efficiency for this type of blading has 


HORSEPOWER nt and there is no immediate trend to 


PRESSURE-HORSEPOWER 


he major advantages of this type 
ig stresses are essentially radial, 
VOLUME ibling 1 » designed for high speeds. This 
popular blading choice for centrif 
TOTAL PRESSURE flat pressure characteristic 1s also 
| compressor design, since it 
a range of volumes at pra 
sure 
re characteristic of radial blading is inherently 
ows only a minor reduction from the peak pres 
blocked-tight condition. This type of blading will 
ct fully in parallel at the highest efficiency 
irable characteristic of radial-bladed fans 
ing action ol the alr sweeping over the blades, 
ny material build-up. This makes the fan ideal 


i! dling ind other Ly} sol dirty air application 


blading 


inclined bladed fans, the most recently de 


have become increasingly popular for general 

the early 1920’s. The theoretical pressure 

at the blocked-tight condition, with pres 

in a straight line as the volume increases 

area close to blocked tight, the actual charac 
Lollow the theoretical (Fig. 3 The horse 

tic curves downward as the volume ap 

le open—in both theory and practice. Because 
ype follows more closely the ‘‘natural”’ path of 
rough the fan, air tends to follow the blading quite 
at the higher volume conditions. This enables the 
nt to be closer to the wide-open volume condition, 
ney holds up well in the high-volume range. Due to 
the backwardly-inclined bladed fan has a higher 

¢ capacity than forwardly-curved or radial blading 
ing the blade tips are low and most of 

brought about in the wheel itself. This 

of the big reasons why, in practice, the 


type of blading is considerably higher than 


BACKWARDLY INCLINED BLADING RADIAL BLADING FORWARDLY CURVED BLADING 


/ 


ala 
PRESSURE — , 


HORSEPOWER HORSEPOWER 


< 


VOLUME 














One disadvantage of this type of blading is that the theo 
retical scroll is very large. However, in commercial designs 
the size is reduced by widening the casing with respect to the 
wheel diameter. Thus the casing width of the backwardly 
inclined fan is generally much wider with respect to the tip of 
the fan wheel than the forwardly-curved bladed type. 

Another disadvantage of this type of blading is that, be- 
cause the spin velocity of the air leaving the wheel is low, 
the rotative speeds must be high. This imposes rather high 
stresses on the blades themselves, and wheel construction 
is necessarily heavier. 

The pressure characteristic of backwardly-inclined blading 
is well adapted to parallel operation. Hi rsepower rises to a 
peak in the vicinity of maximum efficiency and drops off at 
larger volumes. In fan selection, this means that if system 
resistance is less than the design estimate the fan motor 
will not be overloaded. In contrast, the radial-bladed fan 
would require a moderate horsepower increase and_ the 
forwardly-curved bladed fan would require considerably 
more power and the motor would be overloaded if the de 
sign estimate is not close to the actual condition (lig. 4 

For heating and ventilating applications, the forwardly 
curved bladed fan and the backwardly-inclined bladed fan 
are generally a standoff as far as price and size are con 
cerned. Size for size in present-day designs, the backwardly 
inclined bladed fan is more efficient and thus requires less 
power to operate. The non-overloading horsepower charac 
teristic of the bac kwardly inclined bladed fan is an additional 
bonus, which compensates for the inaccuracies normally 
encountered in calculating system resistance 

Much has been said about the relative noise level of for- 
wardly-curved versus backwardly-inclined blading. Con 
siderable testing has been done, and present results indicate 
that the two types are actually a standoff. Contrary to previ 
ous thinking, even the predominant frequency of the noise 
from both types is in the low Irequency range 

Airfoil blading is a modification of backwardly-inclined 
blading and is a comparatively recent innovation on a com 
mercial scale. With the streamlining of the blade contours, 
the air is able to follow the contours of the blading more 
closely This results in higher efficiency and quieter opera 
tion but the volumetric capacity is reduced to some extent 
This type of blading is adapted to high-pressure applications 
both from a power evaluation standpoint and the strength 
Phe double surface of airfoil blading i 


standpoint tronge! 





than a flat blade or a curved single surface. ‘| enables 
fans to operate at higher peripheral velocities and for t] 
first time permits the high ethiciency of the backwardl) 
clined bladed wheel to be idapted for cents lugal compre 


applications, 
Axial-Flow | 


In recent years developn ent of axial fans has accelerate 


at an unprecedented rate. Although the design potentials are 
too involved to permit detailed explanation here, it ulh 
cient to say that axial-tlow types can be deve oped to sult 
most applications \t present the axial flow design is noisy 
compared to centrilugal fat but future deve opments may 
potential in the very-higl 
range far outstrips that of any 


eliminate even this drawback. It 


capacity centniluva typ 


lor this reason, the axia ow ce wh Vi idapted to cleat 
air industrial applicatior vhere noise is a relatively minor 
consideration Its compact mand simplicity of mounting 


and erection make it a good choice whenever conditions will 


permit its use, 


Summary 


Phe forwardly-curved bladed fan is well adapted to | 
pressure applications, particular in mechanical draft wor 
and can be used when spice requirements are limited, a 
unitary equipment Phe ett | ot outstanding and 
its ability to operate in para mited to volumes beyond 
peak efhiciency. The radial-bladed fan idapted to mater i 
conveying and other ipp \ vhere material must pa 
through the fan itself. The erent strength of the 1 ’ 
blade design is excellent for centrifugal cor pressor | 
other types ol high pre ire ta but the etheer on} 
medium. The backwar ed bladed fa commercial 
form 1S undoubtedly best for eu r venti ling ir cond 
tioning and general industria pplication bother is the 
best, the pressure characterist | ood parallel operation 
Is no problem and the ) vero r Horsepower « il 
teristic allows leewa l¢ cit f Airfoil blad r can 
be used for high pre l ! e etheou cl 
quietness of operation are evel better tha the tlat-bladed 
fan. Axial-tlow type ire excellent for irve-volume. low 
pressure, clean-air duties where het e levels are re 


tively unimportant, § 
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The | i cr | . 
A vii vould result from 


* When the super-pressure, 5000-psi steam turbine being 
built for the Philade phia Electric ¢ ompany goes into com 
ercial service in 1959, this 325 000-kw machine will be the 
rgest yacity turbine operating with the highest pressure, 


hest temperature, and on the most efficient cycle ever 


mceived. Steam will enter the turbine at 1200 degrees F, 


O00 p ind will be reheated twice to 1050 degrees F. The 
cTo CO pound machine shown in Fig 1, will have the super 
pressure element in tandem with a very-high-pressure and 

sli-pressure element, all operating at 3600 rpm; this unit Is 
cro ompounded with an intermediate pressure element in 


a double iust, low pressure condensing ele 
ent operating at 1800 rpm 


Most of the fundamenta 
the turbine are in the super-pressure unit. When the super 


new engineering problems for 


pressure turbine design was studied, two basic types of tur ; 
Pin vere considered: in one throttle steam would be ex ’ 
) ( mpletely in a single casing to the first reheat point 

econd type split the overall energy drop from the throttle 


to the lirst reheat point into two parts 1 super pressure, and 


)) ver rh-pressure, high-pressure turbine units. This sec 
pro ided the characteristic construction necessary 


for 1200 degree F inlet steam 


spite of the fact that avail 
terials are limited to known austenitic Compositions. 
| election permits the smallest practical element to 
be subjected to steam pressures and temperatures beyond the 
t ol present operating experience lurther, it provides 
rreater latitude in the selection of high temperature alloy S, 
ome of which are not available in large sizes, and permits the 
e of conventional casing-design principles, and a relatively 
buat gins’ 


mall diameter rotor. The major disadvantage of 


election is the problem of high shaft end leakages 


One of the most important considerations in the design of 


irge unit lor super-pressure operation 1s the steam inlet 


Nping \ perspec tive view of the steam inlet piping Is shown 
lig. 2. Flexible loops are provided for thermal expansion 
between the fixed governing valves and the turbine casing 


Qne pair of bolted flanges with a flexitalic gasket is pro 


vided in each inlet line; connections to the cover permit dis 

















mantling the unit for inspection; those in the base reduce 
r imber of field welds in heavy austenitic piping 
Phe turbine control system provides means for testing any 
one pair of stop and governing valves at any time during 
orn operation. An essential feature for such individual 
vi exercising’ is shown in Fig. 2. The pair ol inlets on 
eacl de of the turbine serve nozzle-chamber quadrants 
imetrica opposite with respect to the axis of turbine 
rotation. An equalizer pipe connects between the pair of inlet 
ines leading from the control valves on each side of the tur , 
bine. When any one governing valve and/or the companion . 
lop valve closed, its nozzle chamber will nevertheless re 
ceive substantially normal steam flow and pressure through 
xcessive shaft deflection and blade stress, } 


a partially admitted first-stage 


whee ire thereby avoided. Of course, proper proc edure must 


be fo ( closing valves. An automatic trip is provided 
as a sal ird against maloperation 
ha f the four super-pressure turbine leads from the 


steam venerator is field-welded to a spec ial connector just 
ahead of the stop valves. Each inlet is provided with a stop 
valve and a governing valve, close coupled as illustrated in 


Fig. 3 (a). Eacl 


set of stop and governing valves is supported | 
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within a steel framework, or “sled,’’ which in turn is fixed 
rigidly to the turbine foundation. Initial adjustment of sled 
position is made with spacer blocks to prov ide for “cold 
spring,’ such that at full load, the leads connecting to the 
turbine are theoretically free of bending stress 

The stop valve is supported by flexplates that fix it ver 
tically, but allow and control the direction of its thermal 
expansion in a horizontal plane with respect to the governing 
valve. This anchorage allows the station main steam inlet 
piping to be designed economically since practically full-code 
piping stresses can be developed at the user’s connections 

Steam inlet valves operating on steam at 5000 psig and 
1200 degress F presented many design problems. Most im 
portant is the ability of the valves to be operative when an 
emergency arises. 

Details of valve construction are shown in Fig. 3 (b). Each 
valve has special anti-vibration and anti-spin features. Valve 
stems back seat in the full-open position against their inner 
guide bushings, thus permitting larger than normal clear 
ance between stem and bushing. The valve body closure is 
effected by a combination of threaded-plug and pressure 
sealing devices, with reduced-pressure steam leakoff. Thus 
the flange cover and its bolting is relatively light, the valve 
is easily accessible, and the body is relieved of a massive 
flange projection. Each valve body is a closed-die forging, of 
type-316 alloy 

Servo motors shown in Fig. 3(c) operate both the stop 
valve and governor valve, and are attached directly to the 
bonnet of the valve so as to lock in the forces required to 
move the valve. This eliminates operating bending moments 
on the joint between the valve body and bonnet, leaving only 
the direct forces due to internal pressure and servo motor 
operating loads on the valve stem 


Ire Turbine f ement 


The steam from the control valves tlows into the super 
yressure turbine, shown in Fig. 4. Steam at 5015 psia and 
1200 degrees I is supplied through four inlet lines, each 
having its own stop and governing valve. Each of these inlets 
is connected to one of the four nozzle chambers, which pro 
vide full circumferential admission to the first of a total of 
live impulse stages. The first stage is velocity compounded, 
to extract the maximum possible energy, thereby effecting a 
maximum reduction in steam temperature. In spite of this 
the temperature encountered at the exit of the first stage is 
approximately 1120 degrees F at maximum steam flow. From 
the final super-pressure turbine stage, steam exhausts at 2500 
psia, and 1000 degrees. 

The shape of the outer casing of the super-pressure element 
approaches that of a sphere. The casting is of ferritic steel 
horizontally split and flanged, and is center-line supported 
on adjacent pedestals. The outer casing provides center-line 
support and key guidance for a cast-austenitic-steel inner 
casing, which contains the working steam until its pressure 
has been lowered to 2500 psi The inner casing is also hor 
izontally split and flanged, and supports the interstage dia 
phragms and the four 90-degree, cast-austenitic-steel nozzle 
chambers, the latter through welded connection at their steam 


inlet necks. 
Turt 


Iwo steam inlets are provided in both the inner and outer 
casing, covers and bases (Fig. 5). These pipes, of austenitic 
type-316 alloy, are connected to the outer casing through 


transition pieces and welds. Prolongations of the inlet pipes 


extend into the nozzle chambers 
are sealed by stacked-type 
provides rings that are a 
clearance to the turn of | 
nozzle chamber. Thus, re 
parts is provided in all dire 

lhese pipe extensions ire for some distance 
close proximity to the outer casing, the transition piece 
its welds. To shield the outer casing from 1200 degree F inlet 
piping heat radiation part irlvy in the zone where di 
similar metals are joined by welding, battl ire placed be 
tween the inner pipe and the outer casing snout, as hown 
in Fig. 5. They consist « ntially of spi lly surfaced cylin 
plemented by oriliced steam 
leak-offs from the casing en the transition piece ind 


} } 
Page 


ders surrounding the pip 


terminating at a suitable | ’ | tion in the very 


pressure turbine. Conse uper-pressure turbine 


haust steam at 1000 degre ind then 

along the cylindrical bati 

with an insignificant overa 

still providing adeq late 

tion from the inlet portio 

excessive heating of stagna ma te mpera 

ture in the ferritic outer ny il vicinity, an auxiliary 

exhaust pipe is provided on both the outer casing cover and 

base at this end of the turbine element. These 

pipes connect back into 

super-pressure turbine elem 
The first stage of the 

designed for operation 

Although this result 


loads, various design considerations created by 


pertormance 
puartia 
mission operation mace omplet« idimi 
necessary. For example quadrat 
admission were wide op 
to Start to open there 
165 degrees I from the | { perat 
ditions under which subse operate 
less severe, but still gv 
able magnitude 
Secondly, the load 
affected by sectiona 
normal condition the | 
is equal to 188 kilowatt 
two quad ints closed al 
increase to 270 kilowatt 
(nother important 
load operation is the re 
cause the shaft to d 
admis ion, lores ire 
tion. However, with 1 
quadrants open, the part 
proximately 35 000 po 
detlection of 0.06 incl 
maintain reasonable ra 


and stationary part 
Ri 4 


The relatively large 
casings due to the | 
the necessity ol a 
individual longitud 
rotor desirable. The 
nected through a 
maining 3600-rpm 





ons has been produced and subjected to metallur- 


problem of sealing tl team asing end JIC: ing, physical examination, and is being machined. 
rently, William Jessup and Sons, Ltd., in England 
ingle-piece forging of G18B, a well known 


yecomes extremely important imhoent conventiona 


tep-type labyrinth seals were applied to keep the akag , lade a 

if ty ely long turbine rotor i in gas-turbine alloy 

ired of the foregoing alloys would be expected to pro- 
normal long-life rotor. However, to assure the avail- 


rea onable 


} 
Ouie4%m 


of an operable rotor, single-piece forgings have been 

the following compositions: (a) a modified 12 

ome steel forging, and (b) a chrome-molybdenum 

out lorging, commonly used in steam-turbine rotors 
both ends of 1] itter will be vacuum poured. These are being provided 


to tl 


rance against any possible delay resulting from 

glands con long period of development for the Discaloy 

tationa gs. Present knowledge indicates these backup 
number of ribbe we | have a reasonable but limited service life. 

shaft and separate-disi rotor of unique 

in conventional manner has been de 

hown in Fig. 7 (b), has six discs, with 

independently shrunk on the shaft. These 

wo advantages, one of which is the tenden¢ y lor 

laintain a grip on the shatt despite considerable 

c: and, the other is the available space to per 

gtothe shaltina relatively low stressed por 

Ihe stresses in the disc itself become some 


nce the size of forging is small, it should be 


3000-rpn ft 1) o assure increased strength of metal. The radial 


! 
rotor, operat obvious advantage of maintaining a centered 
ve for some of bore fit becomes negative, creating a clear 
iy Howe VCT ‘ ate) cf ( without S ‘ ture be omes an unbal 
compone nt which is ditheult t pre j . but as with 


ause tor concern 


up rotor has little precedent and represents 
being considered ertal ing without benefit of bar kground operating 


been dl tensively for gas-turl However, this construction, if proven satisfac 
lorging diameter required, but tor have great possibilities in providing for ulti 
tion In component forging size, thereby permitting 


or body ler ott and without 
ngth alloys . 


nyle-piece Discaloy forg im high-temperature, hig tre 


Fig. 7(a)--Solid type super-pressure 
turbine rotor. 

b) Disc type super-pressure 
turbine rotor. 
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This is a 45-foot high full-scale 
mock-up of the pressurized 
water reactor to be installed 

at Shippingport, Pa., site of the 
first full-scale nuclear power 
plant in the United States for 
the generation of electricity. 
The pioneering atomic power 
station is being built as a joint 
venture by the Atomic Energy 
Light Company of Pittsburgh. 
Westinghouse Electric 
Corporation is developing the 











